Depression is a common co-morbid disorder in substance use disorder (SUD) patients. Hence, valid instruments are needed to screen for depression in this subpopulation. In this study, the predictive validity of the Depression, Anxiety and Stress Scale (DASS-21) for the presence of a depressive disorder was investigated in SUD inpatients. Furthermore, differences between DASS-21 scores at intake and those recorded one week after inpatient detoxification were assessed in order to determine the measurement point of the assessment of the DASS-21 leading to the best predictive validity. The DASS-21 was administered to 47 patients at intake and shortly after inpatient detoxification. The results of the DASS-21 were compared to the Mini International Neuropsychiatric Interview (MINI), which served as the gold standard. Levels of sensitivity and specificity of 78-89% and 71-76% were found for the DASS-21 assessed after detoxification, satisfactorily predicting depression as diagnosed with the MINI. Total DASS-21 scores as well as the DASS subscale for depression were significantly reduced at the second measurement, compared to the DASS at intake. We conclude that the DASS-21 may be a suitable instrument to screen for depressive disorders in SUD patients when administered (shortly) after detoxification. Future research is needed to support this conclusion.
Introduction
Converging results from international epidemiologic and clinical studies indicate that Substance Use Disorder (SUD) is often associated with depressive disorders and vice versa [1, 2] . In the general population, 27% of individuals with a lifetime SUD are affected by a co-morbid lifetime major depression, whereas 41% of individuals with a lifetime major depressive episode also have a lifetime SUD [2] . Estimates of co-occurring depressive disorders in SUD treatment-seeking populations are even higher than those in the general population: 44% of patients included in SUD treatment facilities had a co-oc-Eur Addict Res 2017;23:260-268 DOI: 10.1159/000485182 curring major depression [3] . Nonetheless, reported prevalence of depression in SUD individuals seeking treatment varies strongly because of variability in study methods, such as differences in population sample, treatment setting, SUD under study, diagnostic instruments and difficulties in diagnosing [4] . Careful assessment of SUD patients is often hampered by overlapping symptoms and fluctuation of symptoms, since both active drug abuse and withdrawal from drugs can mimic symptoms of depression [5, 6] . Additionally, psychiatric diagnostic procedures are time consuming. In a time where institutional budgets are limited, most SUD treatment facilities tend to give priority to their "core business" [7] .
However, if not recognised early, SUD patients with co-morbid depressive disorder are more likely to have an unfavourable treatment outcome and tend to have a higher risk of relapse in substance abuse [8] . This emphasizes the need for reliable instruments to screen for depressive disorders in order to facilitate adequate treatment for comorbid depression in SUD patients.
An instrument that is often used to assess subjective depressive and anxiety complaints in patients is the Depression Anxiety Stress-Scale (DASS) developed by Lovibond and Lovibond [9] . The DASS has no direct implications for the allocation of patients to discrete diagnostic categories postulated in classification systems such as the diagnostic and statistical manual of mental disorders (DSM) and international classification of diseases and related health problems (ICD) [28] , but it is predominantly aimed at assessing the perceived severity of symptoms related to depression, anxiety and stress [10] .
The original 42-item DASS of Lovibond was modified into a shorter 21-item version [11] . Several studies are published on its reliability and validity worldwide, all showing the DASS-21 is a well-established instrument to measure symptoms of depression, anxiety and stress in both clinical and non-clinical samples of adults [11] [12] [13] [14] [15] [16] .
In the Netherlands, the DASS-21 is used in most SUD treatment facilities during intake in order to assess symptoms of depression, anxiety and stress in patients of 24 years and older. The questionnaire is used within the context of Routine Outcome Monitoring (ROM) to quantify and record the situation of a patient at a certain point in treatment, starting at intake [17] . In Dutch ROM, a score on the DASS-total of ≥60 is considered an indication for further psychiatric assessment. It would be of great practical value if the DASS-21, being already used in daily practice, could serve as a screening instrument for depressive disorders (PTSD). Previously, Kok et al. [18] studied the DASS as a possible screener for post-traumatic stress disorder in SUD patients. These authors found the DASS to be a valid screening instrument for PTSD in SUD patients, when taken both at intake and 4 weeks after admission. However, to the best of our knowledge, no research has been done on the possible performance of the DASS-21 as a screening instrument for depressive disorders in SUD patients.
The present study, therefore, tested the validity of the DASS-21 as a screening instrument for depression in SUD patients at 2 time points: when administered at intake as well as shortly after detoxification. We hypothesized the DASS-21 would have a better predictive validity at the second time point (shortly after detoxification) than at the first time point (at treatment entry). Patients are not yet detoxified at intake, and acute alcohol and drug effects may affect the DASS scores. Moreover, patients may experience higher levels of negative emotional symptoms at treatment entry because of anxious anticipation for the admission and feelings of demoralization. The second time point is shortly after detoxification, and the effects of drugs and alcohol on the DASS scores are expected to be decreased. Hence, we were also interested in whether or not there were significant differences between the measured DASS scores at both time points. Studying the (possible) changes in DASS scores during this initial detoxification phase could lead us to the determination of the optimal time point of administering the DASS-21.
Methods

Participants
This pilot study was conducted between April and July 2016. During 6 weeks, substance-dependent patients who entered the inpatient detoxification clinic of the SUD treatment facility in Utrecht in the Netherlands were eligible for participation. Exclusion criteria for this study were as follows: (1) patient admitted during an acute psychiatric crisis; (2) psychosis or delusion; (3) insufficient understanding of the Dutch language; (4) severe cognitive impairment. Patients' stay in this detoxification unit usually lasts for 10-15 days, and is followed by outpatient SUD treatment and, if necessary, treatment for co-morbid psychiatric disorder. Apart from being detoxified, with medical and psychological support, if necessary, patients are not being treated for their dependence or for their co-morbid disorders during this inpatient detoxification phase.
During the inclusion period, 98 patients were admitted to the detoxification clinic, of whom 51 patients participated in the study. In 47 patients, both the DASS-21 at measurement point 1 (intake) and 2 (one week after detoxification) were available for analyses (Fig. 1) . No statistically significant differences were found between respondents and non-respondents regarding sociodemographic characteristics (Table 1) , and with respect to mean scores on the DASS-21 at intake. However, non-participants more often reported the use of opioids or cocaine as their primary SUD problem. Instruments Patients' sociodemographic background information was obtained from the patients' electronic record. Two measurement instruments were used to assess relevant patient characteristics: The Measurements in the Addictions for Triage and Evaluation, version 2.1 (MATE 2.1) and the Mini International Neuropsychiatric Interview (MINI).
The MATE 2.1 [19] is a mixed self-rating and expert-rating scale (semi-structured interview) to assess SUD and associated problems. The MATE 2.1 contains 10 modules: (1) the assessment of substance use, (2) indicators for psychiatric or medical consultation, (3) history of treatment for SUDs, (4) substance dependence and abuse, (5) physical complaints, (6) personality disorder, (7) activities and participation: care and support, (8) environmental factors influencing recovery, (Q1) craving and (Q2) depression, anxiety and stress. Module Q2 comprises the DASS-21. For this study, the relevant modules of the MATE 2.1 were (1) the assessment of substance use and (Q2) the DASS-21.
Module 1 assesses psychoactive substance use in the last 30 days and in the patient's entire lifetime. In this module, patients are asked which psychoactive substance(s) they use and the quantity consumed. In addition, patients are asked which substance is their primary-problem substance.
Module Q2, the DASS-21, is a self-report questionnaire consisting of 21 items, 7 items per subscale: depression, anxiety and stress. Patients are asked to score every item on a scale from 0 (did not apply to me at all) to 3 (applied to me very much). Sum scores are computed by adding up the scores on the items per (sub)scale and multiplying them by a factor 2. Sum scores for the total DASStotal scale thus range between 0 and 120, and those for each of the subscales may range between 0 and 42. Cut-off scores of 60 and 21 are used for the total DASS score and for the depression subscale respectively. These cut-off scores are derived from a set of severity ratings, proposed by Lovibond and Lovibond [20] . Scores ≥60 (for DASS-total) and ≥21 (for the depression subscale) are labeled as "high" or "severe". The reliability of the DASS-21 in this study population was α dass_T1 = 0.95 (α dass_T1 = 0.91 for depression subscale) and α dass_T2 = 0.92 (α dass_T2 = 0.86 for depression subscale).
The MINI [21, 22] is a structured diagnostic questionnaire for 23 Axis I mental disorders and 1 Axis II personality disorder (antisocial disorder). The scale consists of various modules, each focusing on different mental disorders. The questions are based on the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders 4th Edition) and the ICD-10 (International Classification of Diseases 10th Edition), thereby allowing for a structured assessment of symptoms matching the most common mental disorders. The MINI distinguishes between current and lifetime episodes. In this study, all modules of the MINI were assessed.
Procedure
During intake, patients scored the DASS-21 (DASS_T1) as part of the standard intake procedure. After admission to the detoxification clinic, patients were asked to participate in this study and sign a written informed consent. This consent included permission to use data from the DASS-21 at intake, as well as sociodemographic data from their electronic patient record. The Medical Ethical Committee of the Academic Medical Center, University of Amsterdam, exempted this study from medical ethical review, due to the limited extra time needed by participants to fill out the DASS-21 at the second time point. The interview was performed by a trained interviewer and took place 8-10 days after the start of clinical detoxification when withdrawal symptoms were overcome. Patients filled out the DASS-21 a second time (DASS_T2) during the interview; additionally, the MINIinterview was completed, which served as the gold standard. Efforts were made to plan the second interview at least 2 days after possible use of sedatives was tapered off. In 4 out of 47 patients, this was not feasible and the interview took place on the last day of medication use (n = 3) or 1 day after the sedatives were stopped (n = 1). Three patients continued to use medication because of sleep-related problems.
Data Analyses
For sample representativeness, participants and non-participants were compared with regard to substance use and sociodemographic characteristics using X 2 and t-tests. Sum scores for DASS scales were computed according to the Lovibond and Lovibond [9] severity ratings, resulting in "high" and "low" DASS scores. Subsequently, DASS scores of participants and non-participants were compared using X 2 -tests. Additionally, the percentages of patients with a DASS-total score of >60, and of >21 for the depression subscale respectively were assessed. Differences between DASS_T1, DASS_T2 and the depression subscale were tested using paired t test analyses.
By using the MINI, sensitivity, specificity, and negative and positive predictive power were calculated for DASS_T1 and DASS_T2 separately. The discriminative accuracy of the DASS was evaluated by the receiver-operating characteristic (ROC) curve analysis. A ROC curve plots the sensitivity and specificity at each consecutive threshold value. The area under the ROC curve (AUC) is a suitable parameter to summarize the overall discriminative value of a screening instrument. A value of 0.70 or more can be interpreted as reasonable, 0.80 up to 0.90 as good and 0.90 or over as excellent [23, 24] . Cut-off scores for sensitivity and specificity were obtained in 2 ways: (1) using the proposed cut-off scores in the MATE 2.1 (meaning cut-off values of 60 for total DASS score and 21 for depression subscale) and (2) determination of cut-off scores after conducting ROC analyses.
Results
Patients were predominantly male and of Western ethnic origin. Most of them were living alone. The majority of patients had no regular daytime activities. Fifty-one percent of patients indicated alcohol dependence as their primary problem (Table 1) .
At treatment entry mean scores on the DASS_T1 total scale were M = 61.9 (SD 34.6), and those for the DASS_T1 depression subscale were M = 22.0 (SD 13.4). At this time point, 53% of patients had a score above the threshold value for DASS-total and also 53% for depression subscale, indicating severe complaints.
A significant difference was present between the DASS_T1 total score and the DASS_T2 total score (p < Table 2 ). At T2, mean scores on the DASS total scale were M = 33.7 (SD 23.9), and those for the depression subscale were M = 11.3 (SD 10.2). At T2, 15% of patients had a score above the threshold value for DASStotal, and 19% for the depression subscale, indicating severe complaints. At T2, the MINI showed that 24% of patients were affected by any current depressive disorder. The lifetime prevalence of depressive disorder was 71%.
Subsequently, mean DASS scores of participants with and without a current depressive disorder as assessed with the MINI were compared (Table 2) . Participants with depressive disorder scored significantly higher on the DASS_T2 total score and the DASS_T2 depression subscale than participants without a depressive disorder; however, no differences were present between those patient categories on DASS_T1 scores. Sensitivity, specificity, and positive and negative predictive power calculated for DASS_T1 and DASS_ T2 using different cut-off scores are shown in Table 3 . No satisfactory results were obtained in predicting depressive disorder when using the cut-off values proposed by Lovibond and Lovibond [9] . To determine the cut-off values giving the best balance between sensitivity and specificity, ROC curves were computed. This yielded statistically significant areas under the ROC-curves for DASS_T2 total score (AUC 0.795, 95% CI 0.662-0.929; p = 0.006) and DASS_T2 depression subscale (AUC 0.800, 95% CI 0.664-0.936; p = 0.006) in predicting depression. According to the AUCs, the overall discriminative value of the DASS_T2 total score and DASS_T2 depression subscale can be interpreted as "good". For DASS_T2 total score, a cut-off score of 33 gave the best balance in sensitivity (89%) and specificity (71%) in predicting depressive disorders (Table  3) . For DASS_T2 depression subscale, a score of 13 showed to be the best cut-off value, resulting in a reasonable sensitivity and specificity of 78% and 76% respectively.
Applying those new cut-off scores to the dataset yielded a percentage of 74% correctly identified cases for DASS_T2 total and 77% for DASS_T2 depression scores. In addition, the differences between patients with and without a diagnosis of current depressive disorder were statistically significant, in contrast to those with the threshold values of 60 and 21 respectively.
Discussion
The first objective of this pilot study was to assess whether or not the DASS-21, when applied at intake in a SUD detoxification clinic and shortly after detoxifica- tion, can be used as screening instrument for depressive disorder in SUD patients. We found both a lack of sensitivity and specificity in predicting depression based on assessment at intake. Better results were obtained when taking the DASS shortly after detoxification, with the most favorable results achieved with the use of alternative cut-off values based on statistical analyses, for example, a score of 33 for DASS_T2-total and of 13 for DASS_T2-depression -, lower than those proposed by Lovibond and Lovibond [9] . In addition, significantly higher scores on the DASS_T2 total score and DASS_T2 depression subscale were seen in participants who were diagnosed with a current depressive disorder on the MINI, compared to participants without a current depressive disorder. The second objective was to evaluate whether there is a difference between DASS scores when assessed at intake and DASS scores assessed after clinical detoxification. We found significant reductions of DASS scores after detoxification compared to DASS scores at intake, both with respect to the DASS-total score and to the depression subscale.
The significant decrease of DASS_T2 total score and DASS_T2 depression subscale scores in comparison with the DASS_T1 scores suggests that patients experience more symptoms of depression at intake than shortly after (inpatient) detoxification. This supports our hypothesis that psychoactive substances and/or withdrawal symptoms may influence the results at treatment entry. In addition, anxious anticipation of the admission, insecurities concerning the future, and feelings of demoralization could be relevant explanations for the experienced negative emotions at this measurement time point. Since this study served as a first exploration of the subject, the possible effects of demoralization and of alcohol and drugs on feelings of depression, anxiety and stress were not included to be part of this study. This should be a topic of future research.
The prevalence of demoralization is high among SUD patients [25, 26] . Demoralization is defined as a psychological state characterized by both hopelessness and helplessness, and the inability to cope with stress that is expected to be handled by every individual [26, 27] . It is therefore possible that the symptoms experienced by the patient and assessed with the DASS-21 at admission are more likely to reflect a temporary negative emotional state due to the factors mentioned before, rather than a depressive disorder. This is in line with the fact that the DASS is not intended to be used as a diagnostic instrument as the 3 subscales assess dimensional components of the anxiety and depressive disorders [28, 29] . This hypothesis is supported by the fact that no significant difference was found between the mean DASS_ T1 total score and mean DASS_T1 depression subscale scores for patients with and those without a depressive disorder. Therefore, we conclude that when taken at intake, the DASS-21 might not be able to discriminate between the overlapping symptoms of depression and strong emotions associated with substance use and the awaiting treatment. Application of the cut-off scores as proposed by Lovibond for DASS_T2 total score (M = 60) and DASS_ T2 depression subscale (M = 21), yielded reasonable levels of specificity, but low levels of sensitivity, thereby resulting in a considerable number of false-positives. However, in this study high sensitivity was favored over specificity in screening for depression. A low specificity for predicting depression using the DASS-21 results in many false-positives, which means a considerable number of MINI interviews will be administered unnecessarily. From an efficiency viewpoint, this is undesirable. Nonetheless, detecting as many depressive patients as possible has a strong clinical relevance. Depressive disorders in SUDs are associated with poorer treatment outcome, while this mental disorder can be adequately treated [8] .
Cut-off scores obtained by ROC curves, being lower than those introduced by Lovibond and Lovibond [9] , produced more satisfying results on both sensitivity and specificity. For predicting depression using the DASS-21 total score after detoxification, the best results were obtained with the highest sensitivity in this study (89%), a negative predictive power of 96% and specificity of 71%. Considering the better diagnostic value of the DASS-21 after detoxification and possible interfering factors when administering the DASS at intake, screening for depression shortly after detoxification is advisable. At this time point, influences of psychoactive substances or withdrawal symptoms are no longer present -or substantially less -and feelings of demoralization probably have diminished.
The proposed lower cut-off scores for the DASS-21 may be associated with (false-) positive MINI outcomes. In our study, the MINI was administered directly after detoxification, mainly for practical reasons. In most SUD treatment facilities, clinical detoxification lasts for 14 days followed by outpatient treatment. Patients with possible co-morbid depression need support and treatment, preferably as soon as possible in order to prevent treatment attrition and relapse in substance use. At the end of the detoxification phase, a treatment plan is set up, including referral to specialists for further assessment and diagnosis. The end of detoxification therefore seems to be a feasible point in time to screen for co-morbid disorders. However, there is some consensus in literature that the diagnosis of co-morbid psychiatric disorders is preferably done some 4 weeks after detoxification. On the other hand, Quello et al. [5] argued that the desired minimum amount of time before an evaluation of depression depends on the substance of abuse. SUD patients who are dependent on long-acting drugs may need a longer abstinence interval prior to diagnosis than patients using shorter-acting substances. In the present study, we studied a mixed population containing people dependent on various substances. The optimum time point for diagnosing depression in such a mixed SUD patient population should be the subject for further investigation.
Several strengths and limitations of this study need to be addressed. Sociodemographic characteristics and data of psychoactive substance use of participants were comparable to those of SUD patients in general according to the Dutch National Alcohol and Drugs Information System in 2014, indicating that participants -although limited in number -can be considered to be a fair representation of SUD patients in SUD treatment facilities in the Netherlands [30] . There was, however, an under-representation of opioid users among respondents compared to the general SUD population under treatment (2 vs. 14%), which could be explained by a shorter average duration of stay for these patients in the clinical detoxification unit of only 4 days, due to a higher percentage of early attrition from treatment.
The results of this pilot study are based on data of a small sample of 47 patients. Because of this limited number, the number of patients with a current depression was relatively low, thereby lowering the statistical power. However, studies on the predictive validity of psychometric instruments are of fundamental scientific and clinical interest. Because of the favorable outcomes, this study could serve as a pilot study to confirm the utility of conducting larger studies on the predictive validity of the DASS-21 in SUD patients.
Furthermore, sedatives were prescribed in a vast majority of patients during the first week of clinical detoxification. These sedatives were already tapered off in most participants when the DASS-21 was administered for the second time, since efforts were made to schedule the second interview at least 2 days after the sedatives were tapered off. In 7 out of 47 patients this appeared not to be possible. This means that sedative effects might still have been present when the DASS-21 was filled-out by these patients. Sedatives are likely to mask symptoms of anxiety and stress but might do the same for symptoms of depression. The prescription of sedatives could have contributed to the lower scores on the DASS-21 total score and its subscales, in particular for patients with depressive disorder. However, this is not very likely, given the higher discriminative validity of the DASS-21 after detoxification, and the effective sensitivity and specificity for detecting current depression, compared with the MINI interview results.
In conclusion, SUD patients report significantly higher levels of symptoms of depression at intake compared to shortly after clinical detoxification. No significant differences were found between DASS-21 scores for patients with and without a depressive disorder at intake, whereas we did find significant differences after detoxification. It is therefore debatable whether at intake symptoms of demoralization, nervousness for admission and influences of psychoactive substance use are measured sooner than symptoms of depressive disorder. Based on the findings in this pilot study, we advise against the use of the DASS-21 at intake as a screening instrument for depressive disorders for SUD patients.
However, the DASS-21 seems to be a suitable instrument to screen for depressive disorder when scored after detoxification. The instrument may assist therapists to identify patients who are at high risk of being affected by a co-morbid clinical depression, in need of further diagnostic assessment. With regard to future research, a prospective study including a higher number of participants, preferably without the use of any sedatives or sedatives sufficiently tapered off, is needed to confirm these results.
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